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Abstract 

  Landslide is naturally defined by a large range of ground movement, such as rock falls, 

deep failure of slopes, and shallow debris flows. Landslide hazard results in great loss of 

life and property. These damages can be avoided if the cause and effect relationships of the 

events are known. As long as landslides occur in remote, unpopulated regions, they are 

treated as just another denudation process sculpting the landscape, but when occur in 

populated regions; they become subjects of serious study. The study area  Ambegaon 

taluka is a part of the Pune District located between 18
° 

50 N and 19
° 
20’N latitude and 

between 73
°
25 E and 74

°
15E  longitude. The study area falls in the Survey of India 

Toposheets 47E/12, 47E/16, 47I/4, 47F/9, 47F/13 in 1:50,000 scale. It covers an area 

987sq.km.The present work is an attempt towards application of GIS for landslide 

vulnerability mapping. Different thematic layers have been prepared such as 

geomorphology, lineament density, drainage density, slope, soil depth, and land use. The 

numerical weights of the categories of the factors have been determined using subject 

knowledge.  

  The present study based on spatial analysis of the ambegaon taluka drainage basin using 

Satellite data along with the field data in a GIS Environment. Using GIS Technique, 

Thematic layers like lithology, geological structures, slope morphology, geomorphology and 

land use/land cover,soil analysis for detailed study of ambegaon taluka drainage basin .The 

weightage rating systems were used for different classes of thematic layers which are based 

on relative importance of various factors. The study area was classified into four 

vulnerable zones. They are zone I, zone II, zone III, zone IV. Whereas zone I is no hazard 

vulnerable, zone II is low vulnerable zone, zone III is moderate vulnerable and zone IV is 

high vulnerable. In this present study 5.65%  of area fall under zone IV, 29.81% of area 

falls under zone III, 46.17 % of area falls under zone II, 18.37 % of area falls under zone I. 
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1.Introduction 

  Landslide is typically defined by a wide range of mass movement, such as rock falls, deep 

failure of slopes, and shallow debris flows. Landslide hazard results in loss of life and property. 

These failures can be avoided if the cause and effect relationships of the events are known. A 

landslide susceptibility map depicts areas likely to have landslides in the future by correlating 

some of the principal factors that contribute to landslides with the past distribution of slope 

failures (Brabb, 1984). 

  Analysis of the morphometric parameters involves preparation of drainage networks maps 

ordering of the various streams, measurements of catchment area, perimeter, relative relief, and 

relief ratio, length of drainage channels, drainage density, drainage frequency, bifurcation ratio, 

texture ratio, circulatory ratio and constant channel maintainers which helps to understand the 

natures of the drainage properties of basin. Morphometric parameters could be used in many of 

the watershed based application like terrain analysis, delineations of geomorphological features, 

quantitative geomorphology, pedo-geomorphological studies, land degradation studies, 

watershed prioritization, calculating flow direction, calculating flow accumulation assessment of 

runoff and top soil loss, hydro geomorphology, estimate peaks runoff rate, delineation of 

groundwater potential zone, flood zone and mapping etc. 

1.1 Use of Remote Sensing in Landslide 

  The phenomenon, landslide is affecting the earth’s surface, hence it also falls into the research 

and application areas of both aerial and space born remote sensing. The nature of this 

phenomenon as it is occurring at the surface of earth lets earth scientists to exploit this fact using 

remotely sensed data. On the other hand, again the nature of this phenomenon limits the 

applications, as being dynamic and sometimes being quite small in terms of conservative remote 

sensing language. Furthermore they reveal very small information when they are observed in 

planar 2-D, however, they contain large amounts of data when explored in 3-D. Basing on this 

fact the use of stereo-remote sensing products seems to be indispensable, which reveals the true 

morpho-dynamical features of the landslides. This information provides the diagnostic 

information regarding the type of the movement (Crozier, 1973).  

  The landslide information extracted from the remotely sensed products is mainly related with 

the morphology, vegetation and the hydrological conditions of the slope. The slope morphology 

is best examined with stereographical coverage 

1.2. GIS Based Landslide Hazard Zoning Techniques 

  Recently, the Geographical Information System (GIS) has become an important tool for 

landslide susceptibility mapping because it provides the various functions of handling, 

processing, analysing, and reporting geospatial data. An ideal map of slope instability hazard 

should provide information on the spatial probability, temporal probability, type, magnitude, 

velocity, run out distance and retrogression limit of the mass movements predicted in a certain 

area (Hartlen and Viberg, 1988).  

 

 

ISSN NO: 0975-6876

http://cikitusi.com/

CIKITUSI JOURNAL FOR MULTIDISCIPLINARY RESEARCH

Volume 6, Issue 4, April 2019 60



2. Study Area: 

  Ambegaon Taluka of the Pune District of Maharashtra State, India. It is located 60 kms towards 

the north from District Headquarter Pune, 125 kms from the State capital Mumbai. Pune District 

lies in the Ecologically Sensitive Zone I. Located in the ranges of Sahyadri Mountains having 

MSL 629-1256 meters. Location map of the study area is shown in Fig 1. The study area is lies 

between Latitude 73º25’ N to 74º15’ N and Longitude 18º50’ E to 19º20’ E . The topology of the 

area has been characterized by mountain, terraces and flood plains covering area 987 sq. km. 

 

Fig.no.1 Location map of the study area 

2.2. Geomorphology 

  Study of the morphometric parameters involves preparation of drainage networks maps ordering 

of the various streams, measurements of catchment area, perimeter, relative relief, and relief 

ratio, length of drainage channels, drainage density, drainage frequency, bifurcation ratio, texture 

ratio, circulatory ratio and constant channel maintainers which helps to understand the natures of 

the drainage properties of basin. The ambegaon village basin is sixth order stream covering an 

area of 987 Km
2.

.The stream length ratio has an important relationship with the surface water 

flow discharge and the erosional stage of the basin. The stream  length ratio in the basin area is 

ranging from 0.29 to 0.39. The drainage pattern of the study area shows dendritic to sub parallel 

in nature. The value of drainage texture of the study area is 20.44 and it shows the very fine 

drainage texture. The value of form factor would always be greater than 0.78 for perfectly 

circular basin. The form factor of the study area is 0.77 it shows the basin is not circular. The 

elongation ratio of the study area is 0.49 and it generally shows the highly elongated shape. A 

circular basin is more efficient in the discharge of the run-off than an elongated basin (Singh and 

Singh, 1997). 
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2.4. Soil 

  The crop growing of soil has enabled humans to build empires and to improvement to what we 

are today. Man depends on soil and what it produces for food, energy and miscellaneous 

material. The soils in Ambegaon Taluka are entisols and inceptisols. The entisols is an order of 

embryonic soils that have no distinct pedo-genic horizons and represent the initiation of soil 

profile development. The clayey and loamy, and clay, sandy clay, silty clay, waterbody mask 

soils are observed in the Ambegaon Taluka of Pune District. 

3. Aim and Objectives 

 Aim is to delineate landslide zones in Ambegaon Taluka ,Pune  District for planning 

purpose.  

 Geo-morphological study of the area 

 To delineate the landslide hazard zones using weighted overlay method and soil analysis  

 To provide a decision support tool for hazard managers and planners 

3.1. Methodology  and  Database 

1. To prepare base map from SOI toposheets with 1:50.000 scales. Drainage, Contour and are 

digitized and thus the thematic layers are created from the SOI toposheets using Arc GIS 

software.  

2.   Contour map is used to generate DEM for the study area. (30m)  

3. Use Satellite image sentinel 2A to create land use and land cover map which is processed 

using GIS software.  

4. Thus the landslide vulnerability zonation map is prepare for Ambegaon Taluka ,Pune  district 

of the study area 

4. Results and Discussion 

4.1. Geomorphology 

  Study of the morphometric parameters involves preparation of drainage networks maps 

ordering of the various streams, measurements of catchment area, perimeter, relative relief, and 

relief ratio, length of drainage channels, drainage density, drainage frequency, bifurcation ratio, 

texture ratio, circulatory ratio and constant channel maintainers which helps to understand the 

natures of the drainage properties of basin. Morphometric parameters could be used in many of 

the watershed based application like terrain analysis, delineations of geomorphological features, 

quantitative geomorphology, pedo-geomorphological studies, land degradation studies, 

watershed prioritization, calculating flow direction, calculating flow accumulation assessment of 

runoff and top soil loss, hydro geomorphology, estimate peaks runoff rate, delineation of 

groundwater potential zone, flood zone and mapping etc.  

  Geographic Information System (GIS) are and Remote Sensing have prove to be efficient tools 

in delineation of drainage patterns and water resources planning. Geographic Information 

Systems (GIS) has been widely used in several geomorphologic, morphometric, flood 

management, and environmental application (eg .Dawod and Mohamed , 2009 , EI Bastawesy et 

al , 2010, Rao et al , 2010 , Dawod and Mahamed , 2008 and Dongquan et al , 2009 ). 
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4.1.1 Morphometric Analysis 

  According to Clarke (1966), morphometry is the measurement and mathematical analysis of the 

configuration of the earth surface, shape and dimension of its landform. The morphometric 

analysis is carried out through measurement of linear, aerial and relief aspects of the basin and 

slope contribution. In the watershed, the drainage pattern reflects the influence of slope, lithology 

and structure. Finally, the study of drainage pattern presents some characteristic of drainage 

basins through drainage pattern and drainage texture. It is possible to deduce the geology of the 

basin, the strike and dip of depositional rocks, existence of faults and other information about 

geological structure from drainage patterns. Drainage texture reflects climate, permeability of 

rocks, vegetation and relief ratio etc. The drainage pattern of the study area shows dendritic to 

sub parallel in nature 

 

Fig. no.2. - Illustrates the drainage map of the study area 

4.2. Land Use / Land Cover 

  The Land Use and Land Cover map of the study area shows  the total area under study is 987 sq 

km, contain total built up coverage at about 43.58 sq km. High concentration of settlement 

situated which covers East side of the study area. The water bodies that are present in the study 

area are which covers area 24.06 sq km. Which is situated in centre of the map and Agricultural 

land occupies 464.98 sq km, reserve forest occupies 451.96 area, west land occupies 2.57 sq km. 

Fig. no.(3). Vegetation cover is an important factor which influences the occurrence and 

movement of the rainfall which triggers the landslides( Table no.-1). 
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Table no.1- Illustrates the LU/LC area of the Ambegaon Taluka 

L.U./L.C Area in 

sq.km 

Area in 

% 

 Reserve Forest 451.9634 45.79 

Agriculture 464.98 47.11 

Built up 43.5864 4.41 

Water body  24.0672 2.43 

Wasteland 2.5789 0.26 

 

 

Fig. no. 3. - Illustrates the LU/LC map of the study area 

4.3 Digital Elevation Model (DEM) 

 Digital Elevation Model of ambegaon taluka shows the high relief features and low relief 

features of the area which gives the altitutde of the total arearanges between 1256 to 619 meter 

from MSL.(Fig.no.4) 
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Fig. no.4-Illustrates the  digital elevation model of Ambegaon 

4.4 Aspect Map 

  Aspect map of Ambegaon Taluka shows the direction to which a mountain slope faces. The 

aspect map is a very important parameter to understand impact of sun on local climate of the 

area. Generally west facing slope showing the hottest time of day in the afternoon and in most 

cases a west-facing slope will be warmer than sheltered an east-facing slope. Aspect map has 

major effects on the distribution of vegetation type of area. The aspect map derived from digital 

elevation model represents the compass direction of the aspect. 0_ is true north; a 90_ aspect is to 

the east (Fig. 5). The drainage basin shows east-facing slopes and therefore, these slopes have 

higher moisture content and higher vegetation compared to west facing slope. Aspect has a great 

influence on vegetation. Parameter of aspect such as exposure to sunlight, drying winds, rainfall 

and discontinuities may control the occurrence of landslides Flow. 
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Fig. no.5. - Illustrates the aspect map of the study area 

4.5 Soil Analysis 

  The crop growing of soil has enabled humans to build empires and to improvement to what we 

are today. Man depends on soil and what it produces for food, energy and miscellaneous 

material. Soil forms very slowly over a period of tens of thousands years, too slow to be noticed. 

This happens to be the reason why ancient agriculture has erased itself in many places. It was 

soil and farming on soil led to productivity, which enabled human society to become denser. The 

connection between agriculture and civilization is not a trivial one. A soil is a 3-D body 

occupying the uppermost part of the earth’s crust and having properties differing from the 

underlying rock material as a result of interaction between hydrosphere, biosphere, atmosphere, 

lithosphere etc. Further, its formation is largely controlled by parent rock, climate, 

geomorphology, relief, biological activity and time. 

  The present study was carried out with the objective of identifying the quality of the soil for 

landslide prospect zonation of Ambegaon Taluka, Pune District. 
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Fig. no.6- Illustrates the soil texture map of the study area 

 The soils in Ambegaon Taluka are entisols and inceptisols. The entisols is an order of 

embryonic soils that have no distinct pedo-genic horizons and represent the initiation of soil 

profile development. The clayey and loamy, and clay, sandy clay, silty clay, waterbody mask 

soils are observed in the Ambegaon Taluka of Pune District (Fig.no. 6). 

5. Landslide Vulnerability Zoning Map 

  The preparation of landslide vulnerability zoning (LVZ) map is a major step forward in hazard 

management. In this study, thematic maps are prepared by GIS based qualitative and quantitative 

techniques which useful to analyse the relationship between landslides and their influencing 

parameters. Remote sensing and GIS based methodology for LVZ maps are also presented in this 

study. The weight and rating system based on the relative importance of various causative factors 

as derived from remotely sensed data and other thematic maps was carried out using various 

sources. A direct mapping approach will be used to establish the five different LVZ using 

classical overlay operations after having established maps representing major landslide 

influencing factors (Saha et al., 2002). The factors being used geomorphology, lineament 

density, drainage density, slope, geology, soil type, aspect map, DEM and land use/land cover. 

 The different classes of thematic layers are assigned the corresponding weights and rating value 

as attribute information in the GIS and an “attribute map” is generated for each data layer. The 

basic pre-requisite for landslide vulnerability zonation studies is the determination of weight and 

rating values representing the relative importance of factors and their categories respectively for 

landslide occurrence. In this study, these weights and ratings are determined based on subject 

knowledge, and the weights and rating for each parameters were multiplied by the relevant 

parameter maps and then, all the weights and rating parameter maps were overlaid.  
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Table no-2 –Landslide Vulnerability Index 

 

 

 

 

 

 
Fig no.7- Illustrates the landslide vulnerability from study area 

 

 
Fig.no.8 - Landslide Vulnerability Zone 

18.37 

46.17 

29.81 

5.65 

Area in % 

I No hazard

II Low

III Moderate

IV High

Zone 

no. 

Landslide vulnerability 

Zone Area in % 

I No hazard 18.37 

II Low 46.17 

III Moderate 29.81 

IV High 5.65 

ISSN NO: 0975-6876

http://cikitusi.com/

CIKITUSI JOURNAL FOR MULTIDISCIPLINARY RESEARCH

Volume 6, Issue 4, April 2019 68



In this study, four landslide vulnerability classes were identified (figno.7) which are very high 

vulnerability (zone-IV), Moderate (zone-III, Low(zone-II), no hazard (zone-I) zones(Pie diagram 

Fig.no.8). 

 

6. CONCLUSION 

   Drainage morphometry of basin reflects hydro-geologic maturity. GIS techniques characterized 

by very high accuracy of mapping and measurement prove to be a competent tool in 

morphometric analysis. The present drainage basin study is important for planning, hazard 

mitigation, water resource development and management programs. The morphometric 

characteristics of the basin show their relative characteristics with respect to the hydrologic 

response of the watershed. Based on the results, it is concluded that the implementation of 

erosion control measures for high altitude areas of the basin. 

  Geological and geomorphologic aspects support the formation of soils like – embryonic soils 

such as Clayey, Loamy, Salty and sandy. The soils in the plains of the ambegaon basin are prone 

to saline and alkaline in nature 

The present work is an attempt towards application of GIS for landslide vulnerability 

mapping. Different thematic layers have been prepared such as geomorphology, drainage 

density, slope, aspect map, flow accumulation map hill shade map, DEM  and LU/LC map. Rank 

and weights are assigned for each theme. Four landslide susceptible zones were arrived based on  

landslide susceptibility and was highest in the slope range 45 degree  in the study area, the high 

and moderate  susceptible areas are characterized by non- forested areas indicating the influence 

of vegetation on the initiation of slope instability. 

The weighted and ranked themes were overlayed in GIS. The study area was classified into 

four vulnerable zones. They are zone I, zone II, zone III, zone IV. Whereas zone I is no hazard 

vulnerable, zone II is low vulnerable zone, zone III is moderate vulnerable and zone IV is high 

vulnerable  . In this present study 5.65%  of area fall under zone IV, 29.81% of area falls under 

zone III, 46.17 % of area falls under zone II, 18.37 % of area falls under zone I. When we 

compare pre-occurred landslide locations over Landslide vulnerability zone map, we found that 

most of the landslide locations fall under zone III. 
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